Recent clinical surveys have shown that hydrocephalic children are more likely to develop normal intelligence if there is prompt recognition and adequate treatment of the hydrocephalus (Young et al., 1973; Raimondi and Soare, 1974) . Furthermore, children shunted before the age of 6 months appear to be significantly brighter than those treated after 6 months. Lorber (1968) has also emphasized the correlation with age, but he found no correlation between the preoperative thickness of the cerebral mantle and ultimate intellectual development. These findings suggest that brain tissue damage occurs in the early stages of hydrocephalus and that the young infant's brain is in some way more resilient than that of the older child.
Many data on patterns of histological damage in hydrocephalus have been obtained from experimental studies on animals (De, 1950; Hochwald et al., 1969; Clark and Milhorat, 1970) . Oedema and nerve fibre damage were seen in the periventricular tissues during the early, acute, high pressure phase of experimental hydrocephalus in puppies (Weller et al., 1971) ; there was gliotic scarring of this region in the more chronic stages of ventricular enlargement. Received 30 January 1975. There are a number of important differences between the brains of most young mammals and of human infants. Not least of these is the pattern of myelination. Much of the white matter around the child's ventricles is poorly myelinated until about 3 months of age (Flechsig, 1920) , whereas in nonprimate mammals, myelination begins earlier and progresses more rapidly after birth. Nevertheless, biopsies from a small number of human hydrocephalic children (Weller and Shulman, 1972) have shown similar histological changes to those seen in experimental animals.
We have studied the histological changes in needle biopsies of the cerebral mantle from hydrocephalic children in an effort to correlate the brain tissue damage with the previous course of the hydrocephalus.
Material and Methods Clinical material. Biopsies of the cerebral mantle were taken from 12 patients at the time of ventricular shunt insertion (see Table) . 5 patients were biopsied twice or more often.
Method of biopsy. A 14 gauge needle with a sharpened circular rim was attached to a 1 ml syringe and all the air was expelled with saline. The needle was 763 carefully rotated to give a circular cut in the pia-arachnoid and then inserted along the line that the ventricular drainage cannula would eventually adopt. By continuing the rotary cutting motion and applying strong suction throughout, a core of cortex and white matter was obtained.
Preparation ofhistological material. 18 cerebral biopsies were taken from the 12 patients. 9 biopsies were fixed in 3% glutaraldehyde in 0 2 mol/l cacodylate buffer at pH 7-4 for 4 hours and then washed in cacodylate-sucrose buffer for at least 12 hours. Blocks were taken and postfixed in Millonig's osmium tetroxide, dehydrated, and embedded in araldite. 1 ,um sections were cut and stained with 1% toluidine blue; ultrathin sections of selected areas were cut from these blocks with diamond knives and examined in a Philips EM 300 electron microscope. The other 9 biopsies were fixed in buffered formalin and embedded in paraffin wax; (Fig. 1) . A similar region in the white matter from the second biopsy, taken after a period of ventriculitis and acute hydrocephalus, showed an increase in the extracellular space. The astrocytes were hypertrophic ( Fig. 2) with moderately dense cytoplasm containing coarse fibrils and scattered glycogen granules. The astrocyte nuclei were eccentric with some peripheral condensation of chromatin, and there was also an increase in endoplasmic reticulum and ribosomes in the perinuclear cytoplasm. Occasional small corpora amylacea were also observed in this biopsy (Fig. 3) . Evidence of recent axonal degeneration was seen in the form of axon balloons (Fig. 4) and macrophages containing myelin debris. These latter features suggest acute damage to the white matter, whereas the astrocytosis is more indicative of past tissue damage. Dilatation of the perivascular Virchow-Robin spaces in the white matter (Fig. 5) was seen in 5 patients; this is also indicative of cerebral atrophy due to previous tissue damage.
Focal collections of microglia or foamy macrophages were seen occasionally in other biopsies. Amorphous osmiphilic droplets were observed in some astrocytes by electron microscopy in Case 7, but these appear to be a normal feature of the developing white matter (Tuthill, 1938) and have been described in previous biopsies of hydrocephalic children (Weller et al., 1969) .
A steady increase in myelin content was seen in the white matter with age, but no useful quantitative estimation of myelination was possible due to lack of suitable controls. In a previous series of biopsies (Weller and Shulman, 1972) of astrocyte processes, but this was not observed in the present series. Discussion The histological appearances in the 18 cerebral biopsies examined in this study varied depending upon the age of the patient, duration and severity of the hydrocephalus, and ensuing complications. However, the major tissue changes appeared to be in the periventricular white matter and could be detected even when the immediate subependymal tissue was not included in the biopsy. In acute hydrocephalus there was direct evidence of axonal degeneration and myelin breakdown, whereas in the children with less acute, but long-standing ventricular enlargement, there was cerebral atrophy and astrocytic scarring of the white matter. The pattern of changes was similar to that seen in experimental animals where the major damage to the brain was detected during the acute phase of high pressure ventricular enlargement (Weller et al., 1971; McLone, Bondareff, and Raimondi, 1971) .
If the major damage to the periventricular white (Weller and Shulman, 1972) . Ventricular shunting will do nothing to replace the lost neural tissue in the gliotic brain despite the shrinkage of the ventricles and the increase in thickness of the cerebral mantle. Further study of cerebral biopsies taken during ventricular shunt operations will help to define the pattern and incidence of tissue damage in hydrocephalic children. Individual biopsies may ultimately contribute useful data for estimating the patient's future intellectual development. 
